The aim of the current study was to develop a predictive model of insulin resistance using general health checkup data in Japanese employees with one or more metabolic risk factors. Methods: We used a database of 846 Japanese employees with one or more metabolic risk factors who underwent general health checkup and a 75-g oral glucose tolerance test (OGTT). Logistic regression models were developed to predict existing insulin resistance evaluated using the Matsuda index. The predictive performance of these models was assessed using the C statistic. Results: The C statistics of body mass index (BMI), waist circumference and their combined use were 0.743, 0.732 and 0.749, with no significant differences. The multivariate backward selection model, in which BMI, the levels of plasma glucose, high-density lipoprotein (HDL) cholesterol, log-transformed triglycerides and log-transformed alanine aminotransferase and hypertension under treatment remained, had a C statistic of 0.816, with a significant difference compared to the combined use of BMI and waist circumference (p＜0.01). The C statistic was not significantly reduced when the levels of log-transformed triglycerides and log-transformed alanine aminotransferase and hypertension under treatment were simultaneously excluded from the multivariate model (p = 0.14). On the other hand, further exclusion of any of the remaining three variables significantly reduced the C statistic (all p＜0.01). Conclusions: When predicting the presence of insulin resistance using general health checkup data in Japanese employees with metabolic risk factors, it is important to take into consideration the BMI and fasting plasma glucose and HDL cholesterol levels. J Atheroscler Thromb, 2014; 21:38-48.
Introduction
An impaired insulin sensitivity, or insulin resistance, plays important roles in the pathogenesis of type 2 diabetes mellitus 1) and metabolic syndrome 2) . In addition, recent studies have suggested that insulin resistance is associated with atherosclerosis, independently of classical risk factors 3) . Insulin resistance now attracts increasing attention in both clinical and health care settings . In clinical practice, some indices for the assessment of insulin sensitivity/resistance have been proposed 24, 25) . For example, the insulin sensitivity index proposed by Matsuda and DeFronzo 24) , the so-called Matsuda Index, is highly correlated with the whole-body glucose disposal rate evaluated using a euglycemic hyperinsulinemic clamp and is now widely used in the clinical setting. However, in order to calculate this index, glucose tolerance tests are required, and it is necessary to measure the insulin concentration. These procedures are too costly to perform in health care settings. The assessment of insulin resistance therefore remains a challenging issue in the health care field. It would be of health care use if the risk of insulin resistance could be easily assessed using general health checkup data.
Aim
The aim of the current study was to develop a predictive model of insulin resistance using general health checkup data in Japanese employees with one or more metabolic risk factors.
Methods

Study Population and Definitions
We used a cross-sectional database of the Amagasaki Visceral Fat Study (UMIN000002391). The study was approved by the human ethics committee of Osaka University, and written informed consent was obtained from each participant. The current study subjects included a total of 846 Japanese employees of Amagasaki City Office who attended a general health checkup and additionally underwent a 75-g oral glucose tolerance test (OGTT). All subjects had one or more of the following metabolic risk factors: a fasting glucose level of ≥ 5.6 mmol/L (100 mg/dL), a hemoglobin A1c level of ≥ 5.6%, elevated blood pressure (systolic blood pressure ≥ 130 mmHg, diastolic blood pressure ≥ 85 mmHg or the use of medications for hypertension), abnormal lipid metabolism (a highdensity lipoprotein (HDL) cholesterol level of ＜1.0 mmol/L (40 mg/dL), a triglyceride level of ≥ 1.7 mmol/L (150 mg/dL) or the use of medications for dyslipidemia), an elevated alanine aminotransferase level (≥ 31 U/L), a body mass index (BMI) of ≥ 25 kg/ m 2 and/or an increased waist circumference (≥ 85 cm in men and ≥ 90 cm in women) 1, 2, 26, 27) . Note that these data were obtained in the general health checkup (see below). Subjects with a history of antidiabetic treatment, renal and/or hepatic disease or malignant neoplasms were excluded from the current study.
In the general health checkup, anthropometric measurements, sphygmomanometry, laboratory examinations and an assessment of the medical history were performed. The laboratory examinations included measurements of the plasma glucose, hemoglobin A1c, serum total cholesterol, HDL cholesterol, triglyceride and alanine aminotransferase levels. The hemoglobin A1c levels were converted to the National Glycohemoglobin Standardization Program equivalent value using the conversion equation reported by the Japan Diabetes Society 28) . The Matsuda index was calculated using 0-and 120-minute data obtained during the 75-g OGTT 24) , and insulin resistance was defined as a Matsuda index lower than 4.3, as previously reported 29) . The data are presented as the mean±standard deviation or n (%), except for the triglyceride and alanine aminotransferase levels, which are represented as the median (quartiles).
adjusted for sex were 0.743 (95% CI: 0.701 to 0.784) and 0.732 (95% CI: 0.687 to 0.776), respectively, with no significant differences (p= 0.48). Furthermore, the C statistic of their combined use was 0.749 (95% CI: 0.707 to 0.790), with no significant differences compared to their single use (p = 0.14 vs. BMI and p = 0.15 vs. waist circumference adjusted for sex).
Prediction using the Multivariate Model
We subsequently developed a multivariate logistic regression model using the backward variable selection procedure following the univariate analyses. As shown in Table 2 , the variables with statistical significance in the univariate model were BMI, waist circumference, systolic and diastolic blood pressure, plasma glucose, hemoglobin A1c, HDL cholesterol, log-transformed triglycerides, log-transformed alanine aminotransferase and hypertension under treatment (all p＜0.01). Among these candidates, the following six variables ultimately remained in the multivariate model with the backward variable selection procedure: BMI (p＜0.01), plasma glucose (p＜0.01), HDL cholesterol (p＜0.01), log-transformed triglycerides (p = 0.10), log-transformed alanine aminotransferase (p＜ 0.01) and hypertension under treatment (p = 0.01) ( Table 2 ). The C statistic of the developed multivariate model was 0.816 (95% CI: 0.779 to 0.853), which was significantly larger than that of the single and combined use of BMI and waist circumference adjusted for sex (all p＜0.01) (see Fig. 2 ).
Prediction using the Model with Fewer Variables
These findings indicate that the presence of insulin resistance was estimated by the combined use of these six health checkup measurements, with substantial predictive performance. However, it would be eashomeostasis model assessment of insulin resistance (HOMA-IR) 25) instead of the Matsuda index. In the analysis, the population was limited to subjects whose fasting plasma glucose level was lower than 7.8 mmol/ L 30) (n = 826). HOMA-IR ≥ 2.5 was defined as insulin resistance 26, 30) . The data are presented as the means and standard deviations (SDs) for continuous variables and percentages for dichotomous variables, if not otherwise specified. The serum triglyceride and alanine aminotransferase levels had a right-skewed distribution and were therefore log transformed. In the logistic regression analysis, the odds ratios (ORs) of the continuous variables are shown per 1-SD increment. A p value of less than 0.05 was considered to be significant, and 95% confidence intervals (CIs) were given when required. The statistical difference in C statistics between two models were assessed via 2,000-time bootstrap resampling with the R version 2.12.1 software program (R Development Core Team 2010). The other statistical analyses were performed using the IBM SPSS Statistics Version 19 software program (SPSS Inc.).
Results
Table 1
shows the clinical characteristics of the study population. The subjects were 51±9 years old, and 87% (n = 738) were men. Insulin resistance was detected in 142 subjects (17%). BMI and waist circumference were highly correlated with each other; their correlation coefficient r reached 0.85 (p＜0.01). Fig. 1 shows the predictive performance of BMI and waist circumference for detecting insulin resistance. The C statistics of BMI and waist circumference The bar graphs represent the C statistics of body mass index (BMI), waist circumference and their combined use for predicting insulin resistance, with the error bars indicating the 95% CIs. The differences in the C statistic compared to that of BMI and waist circumference, as well as the 95% CIs, are also presented. Waist circumference was adjusted for sex. "Combined use" indicates the combined use of BMI and waist circumference adjusted for sex. BMI, waist circumference and their combined use had similar C statistics for predicting insulin resistance. However, the C statistic was significantly reduced following further exclusion of the HDL cholesterol levels (p＜0.01 vs. the Original model) (the top white bar ier and of more practical use if insulin resistance could be evaluated using fewer variables with similar accuracy. We therefore further investigated whether the explanatory variables in the developed model could be reduced in number, with the predictive performance remaining unchanged.
Prediction using BMI and Waist Circumference
To this end, we first excluded one of the six covariates from the originally developed multivariate model (Original model) and created multivariate models with the other five covariates. We thereafter compared the C statistics of the newly developed models with that of the Original model. Consequently, the C statistic significantly decreased from 0.816 to 0.768 and 0.792 after excluding BMI and the plasma glucose level, respectively (both p＜0.01) (the top two dark gray bar graphs in Fig. 3 ). On the other hand, the C statistic observed after excluding the HDL cholesterol, log-transformed triglyceride and log-transformed alanine aminotransferase levels and hypertension under treatment was 0.807, 0.814, 0.813 and 0.812, respectively, with no significant differences compared to that of the Original model (p = 0.11, 0.53, 0.52 and 0.35, respectively) (the bottom four dark gray bar graphs in Fig. 3 ). We therefore subsequently attempted to simultaneously exclude two or more of the least contributing variables (judged according to the smallest decrement in the C statistic after excluding a variable) from the Original model. As a result, the C statistic was not significantly reduced following the simultaneous exclusion of the log-transformed triglyceride and log-transformed alanine ami- The ROC curves of body mass index (BMI) (thin solid line), waist circumference adjusted for sex (thin dotted line), their combined use (bold dotted line) and the multivariate model with the backward variable selection procedure (bold solid line) for detecting insulin resistance are shown. The variables entered in the multivariate model were BMI, plasma glucose, HDL cholesterol, log-transformed triglycerides, log-transformed alanine aminotransferase and the presence of hypertension under treatment (see Table 2 ). The trivariate logistic regression model with BMI and the plasma glucose and HDL cholesterol levels originally provided the following regression coefficients: 0.267 for BMI (kg/m 2 ), 0.640 for plasma glucose (mmol/L) and −1.30 for HDL cholesterol (mmol/L). The C statistic of the model was 0.803 (95% CI: 0.766 to 0.840), as shown above (Fig. 3) . In order to build a risk score that is easier to calculate, we converted the units of plasma glucose and HDL cholesterol from mmol/L to mg/dL. In addition, we calculated the relative value of each coefficient to that of BMI and rounded it to the nearest integral number. Consequently, the following risk score was developed: [BMI (kg/m
2 )]＋([Plasma glucose (mg/dL)]−[HDL cholesterol (mg/dL)]) / 7. The developed risk score had a C statistic of 0.803 (95% CI: 765 to 840), with no significant differences from that of the original trivarigraph in Fig. 3 ). The C statistic was also significantly reduced following further exclusion of either BMI or the plasma glucose level instead of the HDL cholesterol level (both p＜0.01 vs. the Original model) (the bottom two white bar graphs in Fig. 3) . These results indicate that the log-transformed triglyceride and logtransformed alanine aminotransferase levels and hypertension under treatment were not needed to predict the presence of insulin resistance, as long as BMI and the plasma glucose and HDL cholesterol levels were taken into consideration. On the other hand, these three variables, i.e., BMI and the plasma glucose and HDL cholesterol levels, were important for predicting insulin resistance using general health checkup data in this population.
We subsequently attempted to create a risk score that would be easy to calculate in health care practice. The bar graphs represent the C statistics for predicting insulin resistance, with the error bars indicating the 95% CIs. The top black bar graph represents the C statistic of the multivariate model developed in Table 2 , in which body mass index (BMI), the plasma glucose level (PG), the HDL cholesterol level (HDLC), the log-transformed triglycerides level (TG), the log-transformed alanine aminotransferase level (ALT) and hypertension under treatment (HT) were entered (Original model). The bottom black bar graph represents that of the combined use of BMI and waist circumference adjusted for sex (BMI＋WC model). The remaining bar graphs represent the C statistics of the models in which one or more of the six covariates were excluded from the Original model. We also presented the data showing the differences in the C statistic compared to that observed in the BMI＋WC model and the Original model, with the 95% CIs. The simultaneous exclusion of TG, ALT and HT (light gray bar graph) resulted in no significant decreases in the C statistic compared to that observed in the Original model. On the other hand, further exclusion of any one of the remaining three variables (i.e., BMI and the plasma glucose and HDL cholesterol levels) significantly reduced the C statistic in the population compared to that observed in the original multivariate model (p＜0.01, p＜0.01 and p = 0.01, respectively). These findings indicate that these three variables, i.e., BMI and the plasma glucose and HDL cholesterol levels, were again important for predicting existing insulin resistance, even in the obese population.
Substitution of Waist Circumference for BMI in the Predictive Models
We also investigated whether the predictive impact would change when waist circumference was substituted for BMI in the multivariate models. The findings are summarized in Table 3 . When waist circumference was substituted for BMI in the Original model, the C statistic was not significantly changed (0.814 vs. 0.816; p = 0.82). Furthermore, the combined use of waist circumference and the plasma glucose and HDL cholesterol levels achieved a C statistic of 0.800, which ate logistic regression model (p = 0.74). The sensitivity and specificity of each cutoff point are shown in Fig. 4 . The C statistic of the model was similar between men (0.800, 95% CI: 0.760 to 0.840) and women (0.831, 95% CI: 0.736 to 0.926) and between the subjects with an age ≥ 50 years (0.803, 95% CI: 0.756 to 0.850) and those with an age ＜50 years (0.804, 95% CI: 0.743 to 0.866).
Subanalysis of Obese Subjects
We additionally investigated whether the predictive model would be similarly developed when the study population was limited to obese subjects, defined as those with a body mass index of ≥ 25 kg/m 2 . As expected, stratification according to obesity by itself substantially discriminated the subjects with and without insulin resistance. Indeed, 25% of the obese subjects (116/461) had insulin resistance, while only 7% of the nonobese subjects (26/385) had insulin resistance; the positive and negative likelihood ratios were 1.67 (95% CI: 1.50 to 1.86) and 0.36 (95% CI 0.25 to 0.51), respectively.
In the obese subjects, the following five variables were selected in the multivariate backward stepwise logistic The cutoff points of the developed risk score for predicting insulin resistance (horizontal axis) and the sensitivity and specificity as well as the 95% CIs (vertical axis) are shown. As demonstrated in Fig. 3 , the covariates for predicting insulin resistance were narrowed down to BMI and the plasma glucose and HDL cholesterol levels, without causing any significant decreases in the predictive performance. We therefore developed the risk score based on the trivariate logistic regression model using these covariates. The risk score was: [BMI (kg/ m Sensitivity Specificity analysis revealed that the following five variables were selected using the backward variable selection method: age, waist circumference and the plasma glucose, HDL cholesterol and log-transformed alanine aminotransferase levels ( Table 4 ). The C statistic of the multivariate model was 0.820 (95% CI: 0.777 to 0.863). The C statistic was not significantly reduced when age and the log-transformed alanine aminotransferase level were excluded from the multivariate model (Fig. 5) . On the other hand, further exclusion of any one of the remaining three variables (i.e., waist circumference and the plasma glucose and HDL cholesterol levels) significantly reduced the C statistic in the population compared to that observed in the original multivariate 
Assessment of Insulin Resistance using HOMA-IR
We finally performed a supplementary analysis to investigate whether similar findings would be observed when insulin resistance was assessed using HOMA-IR instead of the Matsuda index. The Kappa statistic between the two insulin resistance scores assessed using the Matsuda Index and HOMA-IR was calculated to be 0.514. The findings are shown in Table 4 , Fig. 5 and Table 5 . A multivariate logistic regression The C statistic for insulin resistance and the 95% CI are shown. The top row represents the multivariate model developed in Table 2 , in which body mass index (BMI), the plasma glucose level (PG), the HDL cholesterol level (HDLC), the log-transformed triglyceride level (TG), the logtransformed alanine aminotransferase level (ALT) and hypertension under treatment (HT) were entered (Original model). The third top row represents the combined use of BMI, PG and HDLC (BMI＋PG＋HDLC model). The second top and bottom rows represent the model in which sexadjusted waist circumference (WC) was used instead of BMI. We also presented the data showing the differences in the C statistic compared to that observed in the Original model and the BMI＋PG＋HDLC model, with the 95% CIs. The substitution of WC for BMI resulted in no significant differences in the C statistic. It is already well known that various metabolic abnormalities, e.g., adiposity, hyperglycemia, a low HDL cholesterol level, hypertriglyceridemia, hypertension and an elevated transaminase level, are associated with insulin resistance 8, 31, 32) . However, as recent studies have demonstrated 33) , a significant association between a variable and an outcome does not always reflect a significant improvement in the predictive performance of the variable for the outcome. Although this discrepancy is often discussed when assessing the usefulness of adding a new marker to classical risk factors for prediction 33) , such discrepancies will potentially be observed, even in classical risk factors. If the risk factors associated with the outcome do not contribute to improving the predictive performance, the risk factors can be excluded from the predictive model, without reducing the predictive performance. A predictive model with fewer variables can be easier to calculate, which is of practical use in the health care field. model (Fig. 5) . Subsequent analyses showed that the C statistic was not significantly changed when BMI was substituted for waist circumference in the predictive models ( Table 5 ).
Discussion
The current study investigated the predictive performance of general health checkup data for detecting the presence of insulin resistance in Japanese employees with one or more metabolic risk factors. Our findings indicate that it is important to take into consideration the BMI (or, alternatively, waist circumference) and fasting plasma glucose and HDL cholesterol levels for prediction. Indeed, in the current study population, the predictive model using these three variables had a similar predictive performance compared to the models in which other health checkup data were additionally included. tion is that both of the indices are mere alternatives to more accurate examinations (e.g., hyperinsulinemic euglycemic clamp and tracer-used evaluations) and include error from the true values. Nonetheless, interestingly, the ultimately selected variables were the same, except for BMI and waist circumference ( Fig. 3  and 5) , and BMI and waist circumference were interchangeable, without causing significant decrement in the predictive performance (Tables 3 and 5) . At the same time, the current study indicates the limitation of the single use of BMI and waist circumference for predicting insulin resistance. We previously reported that the trait of insulin resistance in a population of interest can be easily estimated using only the average value of either BMI or waist circumference in the population 35) . However, that report was aimed at epidemiologically estimating the general trait of insulin resistance and was not intended for the individual assessment of insulin resistance in a given subject. It remained obscure how accurately BMI and waist circumference could predict the presence of insulin resistance in individual subjects. As shown in Fig. 1 , the predictive performance of BMI and waist circumference was not sufficiently high in the current study population. In addition, the combined use of the two variables did not improve the predictive performance. Given that the two variables were highly correlated with each other (r = 0.85), as previously observed 36) , their combined use would add only small and limited information in detecting insulin resistance. The subsequent analysis confirmed that the predictive performance of the two variables was significantly inferior to that of the multivariate model in which other health checkup data were additionally entered (Fig. 2) .
The current study had several limitations. First,
To the best of our knowledge, this is the first report to investigate the minimum risk factors for predicting insulin resistance.
As shown in Fig. 3 , the current study revealed that the risk factors could be reduced to three variables (i.e., BMI and the fasting plasma glucose and HDL cholesterol levels) without causing any significant degradation of the predictive performance in a population with one or more metabolic risk factors. On the other hand, when insulin resistance was assessed using HOMA-IR instead of the Matsuda index, waist circumference and the fasting plasma glucose and HDL cholesterol levels were selected (Fig. 5) . Note that two of the three variables, i.e., the fasting plasma glucose and HDL cholesterol levels, were in common. In addition, the supplementary analysis showed that substituting waist circumference for BMI and vice versa provided a similar predictive performance (Table 3 and 5). These findings indicate that the presence of insulin resistance is easily predicted by the following three types of health checkup data: the fasting plasma glucose and HDL cholesterol levels and either BMI or waist circumference.
It remains unknown why the Matsuda indexand HOMA-IR-assessed insulin resistance scores were not fully concordant, and different explanatory variables were selected in the process of developing the predictive models. We previously reported that both a Matsuda index of 4.3 and a HOMA-IR of 2.5 were derived as the reference limits from a healthy Japanese population 29) . One possible explanation for the lack of full concordance is that the two indices reflect different pathophysiological aspects of insulin resistance 34) . Whole-body and hepatic insulin resistance may develop differently in different individuals. Another explana- Table 4 , in which age, waist circumference (WC), the plasma glucose level (PG), the HDL cholesterol level (HDLC) and the log-transformed alanine aminotransferase level (ALT) were entered (Original (HOMA-IR) model) . The third top row represents the combined use of WC, PG and HDLC (WC＋PG＋HDLC (HOMA-IR) model) . The second top and bottom rows represent the model in which body mass index (BMI) was used instead of WC. We also presented the data showing the differences in the C statistic compared to that observed in the Original(HOMA-IR) model and the BMI＋PG＋HDLC(HOMA-IR) model, with the 95% CIs. The substitution of BMI for WC resulted in no significant differences in the C statistic.
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Conclusion
When predicting the presence of insulin resistance using general health checkup data in Japanese employees with one or more metabolic risk factors, it is important to simultaneously take into consideration the following three measurements: BMI and the fasting plasma glucose and HDL cholesterol levels. Waist circumference can be substituted for BMI without any causing significant degradation of the predictive performance.
